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FOREWORD

This report supplements Bulletin No. 40. "Quality of Irrigation Waters

in South Coastal Basin," 1933, a report of cooperative work by the Bureau of

Plant Industry, United States Department of Ag-riculture, and the Division of

Water Kesources, State Department of Public Works.

Herewith are presented the analytical data which formed the basis upon

which Bulletin No. 40 was written. These tables, 26 in number, comprise the

data referred to on page 17 of tlie report as being available in the files of the

Division of Water Resources.
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INTRODUCTION

The analytical data in the following' tables comprise the total of that

assembled for and used as a basis for Bulletin No. 40. A small amount of addi-

tional data has been assembled by the Division of Water Resources since April,

1933, but is not included in this report. Certain cooperators have continued to

make observations of water quality, particularly in Los Angeles and Orange

counties, which will in future serve to maintain tlie continuity of the present

available data.

The area which the data cover i.s referred to as the South Coastal Basin

and includes the drainage basins of the Los Angeles, San Gabriel and Santa

Ana rivers, and of the creeks that discharge directly into the Pacific Ocean in

the vicinity of Santa iloniea, as well as those so discharging in the vicinity of

Newport Bay.

The locations of all sampling points for which M'ater analysis data are

available are .shown <in a map of the South Coastal Basin to be found in pocket.

The numbers used for the designation of wells, for which water samples

have been analyzed, are the same for identical wells as those used in Bulletin

No. 39 and supplements thereto, by Division of "Water Resources, State Depart-

ment of Public Works. Sources other than well.s have been numbered accord-

ing to a system described in the same bulletin as "Location Numbers." A
descriptive letter preceding the location number has been used to classify the

source of the water sample. The letter "S" designates a source where water

appears on the surface of the ground as a stream, spring or lake, open or tile

drain, or imported water. The letter "R" denotes sewage water, and "W
denotes industrial waste water. The letter following the number differentiates

similar sources in the same quadrangle. Solid or open cii'cles are used for wells

and triangles for all other sources.

To facilitate tabulating the analytical data, the South Coastal Basin was

divided into thirteen areas for the most part delimited by natural boundaries

and named arbitrarily so that the name generally describes the geographical

location of the area.
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METHODS OF ANALYSIS AND INTERPRETATION

Methods of Analysis.

The so-called complete analyses, made in the laboratory of the Division of

Water Resources by Mr. J. M. Sanchis, included the following determinations:

(1) Specific electrical conductance; (2) Hydrogen ion concentration; (.3)

Carbonate and bicarbonate
; (4) Chloride; (5) Sulphate; (6) Nitrate; (7) Cal-

cium; (8) Magnesium; (9) Sodium. In addition to these the boron was deter-

mined in the Rubidoux Laboratory of the Division of Western Irrigation Agri-

culture by Messrs. L. V. Wilcox and John T. Hatcher. The so-called partial

analyses included only (1) Specific electrical conductance; (2) Boron; (3) Car-

bonate and bicarbonate
; (4) Chloride.

(1) Speeitie eleetrial conductance was determined by the conventional

set-up with a Wheatstone bridge.' The results, expressed as reciprocal ohms at

25° centigrade (K x 10^ @ 25'^C), are taken to represent a measurement of

the total dissolved electrolytes in the water and are used in lieu of the deter-

mination of total dissolved solids.

(2) Hydrogen ion concentration was determined by the use of color indi-

cators and an apparatus' in which colored glass discs were used as standards.

These colorimetric methods were checked occasionally by the electrometric

method.

(3) The carbonate and bicarbonate ions were determined by titration with

0.05 Normal sulphuric acid, using phenolphthalein indicator for the carbonate

and methyl orange for bicarbonate.

(4) Chloride was determined by adding potassium ehromate indicator to

the solution resulting from the carbonate-bicarbonate titration and then titrating

with 0.05 Normal silver-nitrate solution.

(5) Sulphate was determined gravimetrically as barium sulphate by the

Official ilethod except that silica was not removed prior to the precipitation

of the barium sulphate. The relatively small quantity of silica occurring in

these waters does not appear to interfere so long as the volume of the aliquot

is not concentrated below 75 to 100 cc.

(6) Nitrate was determined by the use of phenoldisulfonic acid according

to the Official ]\Iethod except that the color comparison was made with an

apparatus in which colored glass discs were used as standards, these discs hav-

ing been calibrated with solutions of known nitrate concentration.

(7) Calcium was determined by precipitation as the oxalate, filtered, redis-

solved in hot dilute sulphuric acid, and titrated with standard permanganate

solution substantially according to the Official Method.

iScofleld, C. S. Measuring the Salinity of Irrigation Waters and of Soil Solutions with
the Wheatstone BriaKe. U. S. Dept. Agri. Circ. 232, July, 1S32.
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(8) Magnesium was determined by precipitation as magnesium ammonium
phosphate, which was ignited and weighed as the pyrophosphate.

(9) Sodium was determined by precipitation as sodium-uranylzine-acetate,

and after washing and drying was weighed as such.

(10) Boron was determined by the eleetrometric method of titration.^

Interpretation of Analyses.

Specific Elecirical Conductance -. This is a measiirement of a definite

physical property of a water sample, and is regarded by the writer as quite as

significant a measure of the total dissolved solids as the results of a gravimetric

determination in which salinity is expressed as parts per million. The con-

diietance gives no clue as to the character of the salts in solution, it implies

only the aggregate quantity of dissolved electrolytes. In respect to irrigation

waters in the South Coastal Basin, if the boron concentration is below the limit

of tolerance, and the sodium percentage is less than 60, it is believed that when

the conductance is less than 100 the water is safe for general use. When the

conductance is more than 100 but less than 300 it may be safe to use the water

where drainage conditions are good or where the more tolerant crops are grown,

but as the conductance approaches the upper limit of this range consideration

should be given to the conditions of use and to the character of the salts

involved. Waters having conductances above 300 are generally to be regarded

as unsuited to irrigation use, although it should be understood that subsoil

waters of that degree of salinity do not imply root zone conditions intolerable

to many crop plants. In general terms it may be said that the soil solution or

subsoil water is usually 5 to 8 times as concentrated as the irrigation water used.

Boron: The concentration of this eon.stituent is expressed as parts per mil-

lion of elemental boron in the solution. Experience in the South Coastal Basin

has shown that under existing climatic conditions the critical concentration for

this constituent in irrigation water lies between 0.5 and 1.0 ppm where the

water is to be u.sed for the more sensitive crop plants such as lemons and

walnuts.

Per Cent Sodium: This expression as used in respect to the qiiality of irri-

gation water takes into account the ratio of the sodium content to the sum of

the calcium, magnesium, and sodium, the concentrations of all 3 con.stituents

being expressed in terms of milligram equivalents per liter. In other words the

per cent codium is obtained by dividing the sum of the milligram eqiiivalents

of calcium, magnesium, and sodium into the figure for sodium and pointing

off 2 places to the left,

Na X 100 \
Ca-fMg + Na ) TJie significance of tliis characteristic of the salt com-

plex in irrigation water lies in the results of reactions of base exchange on the

' Wilcox, L. V. Eleetrometric Titration of Boric Acid. Ind. and Eng. Chem. .\nalvtical
Edition, Vol. 4, p. 38, 1932.
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physical properties of the soil. If the dissolved salts are preponderantly those

of calcium and magnesium ; i.e., if the per cent sodium is low, then the reactions

of ba.se exchange are in the direction of maintaining good tilth and good perme-

ability in the soil. On the other hand if the percentage of sodium is high the

consequent reactions of base exchange in the soil tend in the direction of the

replacement of calcium and magnesium by sodium in the exchange complex with

the result that the soil becomes deflocculated and impermeable to water.

Experience indicates that if the sodiuim i^ereentage is below oO there is little

danger of impairing serioiisly the physical condition of the soil. If it is above

60. such danger exists. The critical ratio is believed to lie between 50 and 60.

Carlxnutte and Bicarionatc : These two constituents are closely related and

their relative concentrations may change with changes in the content of carbon

dioxide in the water. In the detailed tables on which this report is based the

concentrations of both constituents, where both occur, have been reported in

terms of bicarbonate. In the discussion of water conditions in the several areas

the concentrations of bicarbonate are not mentioned because it is thoiight that

this constituent has less agricultural significance than those that are mentioned.

Occasionally waters are found in which the carbonates and bicarbonates com-

prise almost the whole of the anion complex. If in such waters the percentage

of sodium is low the water is probably safe for irrigation use, but if the per-

centage of sodium is high the water may be alkaline in reaction and will be

potentially harmful to the physical condition of the soil. The quantity of bicar-

bonate in well waters is the least variable of any constituent determined in

these analyses.

Chloride : This constituent is the one most easily and most frequently deter-

mined in water analysis. It is important because it is one to which many crops

are sensitive. As a result of long experience, it has come to be accepted in the

South Coa.stal Basin that in respect to chlorides, ii-rigation water is safe to use

if it contains less than 142 ppm (4 milligram equivalents). As the chloride

concentration approaches 355 ppm (10 milligram equivalents) water becomes

increasingly unsafe for irrigation use and above that limit its use is hazardous

and should be safeguarded by good drainage and copious applications to keep

the root zone leached.

Sulphate: Information a.s to the limits of tolerance of this constituent of

irrigation water is much less precise than that in respect to chloride. It is

recognized that if sulphate is associated with an abundance of calcium it is not

likelj- to become injurious to crops because the limit of solubility of calcium

sulphate (2000 ppm) is below the limit of crop tolerance. On the other hand

the sulphates of magne.sium and sodium are highly soluble and in the absence

of sufficient calcium to precipitate sulphate from the soil solution, this con-

stituent might reach concentrations in.iiirious to crop plants. For convenience



ill classifyins' waters, concentration limits have been adopted for sulpliate

analogous to those used for chloride (in terms of milligram equivalents), i.e..

those containing less than 4 milligram equivalents, 192 ppm. are classed as safe

for irrigation u.se so far as this constituent is concerned, while those ranging

up to 10 milligram equivalents, 480 ppm, are placed in the doubtful class, with

those ranging above 480 ppm a.s possibly harmful. It must be emphasized that

these limits are somewhat arbitrary and that the quality of water in respect to

its .sulphate content should be considered in conjunction with its calcium con-

tent or at least in conjunction with its jiercentage of sodium. If sulphate con-

centi-ation and per cent sodium are high tlie watei- may be unsatisfactory for

irrigation use.

Nitrate : This constituent rarely occurs in irrigation waters in harmful

concentrations. It is reported for two rea.sons. Its occurrence has a certain

geographiic or geological signiticance. Also, it is sometimes used as an indica-

tion of the contamination of water supplies as by sewage effluents. It is to be

noted that nitrate occurs in relatively high concentrations in some of the under-

ground waters of the South Coa-stal Basin. It is the writer's view that these

high concentrations should not be generally interpreted as evidence of sewage

contamination, or as the result of the accumulation of fertilizer residues from

cultivated lands. Both these sources may have contributed to some extent to

the present condition but it is highly probable that they are both subordinate to

other and natural conditions not yet fully understood.

Calcium, Magnesium, and Sodium: In tlie detailed tables of analytical data

on which this report is based these three constituents have been recorded

separately. In the discussion of the irrigation waters in this report they have

been taken together as the components of the ratio designated "per cent

sodium." The separate determination and reporting of these three constituents

aft'ords the basis for a criterion that is useful in determining the sources of

salinity as discussed later in the case of suspected sea-water intrusion along

the ocean front of the Coastal Plain.
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